Using a slowly rising DC voltage, the rapid current increase at a critical voltage and the breakdown voltage were measured in transformer oil with needle-or blade-plane geometries. The mechanism of the onset of positive breakdown was studied using experimental and computed results. The computation showed that the local field strength on the planar surface is increased very much by the space charge effect in accordance with the influence of liquid motion. This leads to the generation of new charges in front of the planar surface; the charges drift towards the sharp electrode tip. Consequently, it is suggested that partial discharge at the tip is initiated; a positive streamer then starts from the tip, and breakdown ensues. The generation of new charges is confirmed not only by the dust figure method but also by the signal pulse induced on the probe.
Introduction
High-voltage impulses have been frequently used when investigating breakdown phenomena in dielectric liquids; prebreakdown disturbances propagating from sharp electrodes have been reportedi(1)(2). The mechanism causing impulse breakdown in liquids is thought to be mainly connected to a time lag in the breakdown process. This mechanism is initiated by the appearance of electrons coming from the cathode; these electrons are the primary factor of the breakdown(3). Furthermore, it has been reported that the time lag for needles at a positive potential is shorter than that for those at a negative potential; also, the propagation speed of a positive streamer is faster than that of a negative one(4). In these cases, liquid motion, however, can play no role in the impulse breakdown since the onset of electrohydrodynamic (EHD) movement is not fast enough(5).
In liquids under high DC stresses, when EHD motion is inevitably established in regions where a gap exists, the electric field distribution in the gap will be changed drastically in comparison with that under impulse stress. As for the mechanism of DC breakdown, several researchers have pointed out the following factors. Kao has reported that the generation of bubbles due to Joule heating is the cause of breakdown and that the impact ionization process in liquids is contradictory(6). In recent years, Wintenberg, et al. (7) (18) also studied the field ionization of aromatic liquids; they reported that the relation between I and V for field ionization showed the same dependence as the one for field emission. In our experiments, the I-V curves for negative and positive applied voltages approached the same values (Fig. 2) 
